, consist of metal centres to which one tetrathionate and two 4,4 0 -dimethyl-2,2 0 -bipyridine chelating ligands bind. The structures are completed by two symmetry-related dimethylformamide solvent molecules. Each metal-centred complex is bisected by a twofold axis running through the metal centre and halving the chelating tetrathionate dianion through the central S-S bond. The ancillary symmetry-related 4,4 0 -dimethyl-2,2 0 -bipyridine ligands act as chelates. This results in a distorted six-coordinate geometry, with similar Tr-O/N distances but central angles differing substantially from 90 and 180 . Both ligands are basically featureless from a geometric point of view, with torsion angles in both coordinated tetrathionate groups suggesting a trend linking metal size (covalent radius) and ligand 'openness'. Packing is directed by (C-H) aromatic Á Á ÁO bridges and -offset stacked interactions defining chains along [001] , further linked by weaker (C-H) methyl Á Á ÁO bridges, some of them mediated by the dimethylformamide solvent molecules.
Comment
For an extended period of 40 years [viz. those between the reports of Baggio & Baggio (1973) and Suarez et al. (2013) ], our group has been interested in the coordination affinity towards transition metals of a variety of different sulfur oxoanions (sufate, sulfite, thiosulfate, peroxodisulfate, di/tri/tetra/ pentathionate etc.) in organic-inorganic coordination compounds. Even though many of them show a remarkable coordination tendency (SO 4 2À , SSO 3 2À etc.), others, in particular the latter 'thionate' family, present extremely poor binding abilities. This is readily confirmed by a search of the Cambridge Structural Database (CSD, Version 5.33; Allen, 2002) , comparing for each ligand the total number of entries (m) with the number of entries involving the coordinated ligand (n), represented as (m,n): dithionate (125,13), trithionate (4,1), tetrathionate (19,2) and pentathionate (8, 0) . The case of tetrathionate is particularly interesting; only two out of 19 structures in the CSD show the anion acting in a coordinating mode [Freire et al. (1998) showed it bridging Cu atoms and Freire et al. (2001) showed it chelating an Mn atom], and in both cases the ligand had been generated serendipitously during the synthesis procedure as an oxidation product of S 2 O 3 2À , which thus acted unexpectedly as a precursor. In summary, no direct synthesis starting from any S 4 O 6 2À derivative has so far resulted in any transition metal complex with a coordinated tetrathionate group. In order to explore this puzzling situation further, we tried to 'fine tune' the synthesis and crystallization of different S 4 O 6 2À transition metal compounds (see Experimental section for details). We present herein the first two successful results of these attempts, the isomorphous Cd and Zn title complexes, namely bis(4,4 (Fig. 1a) , and the zinc(II) analogue, [Zn(tth)(dmbpy) 2 (tth)]Á-2DMF, (II) (Fig. 1b) , where dmbpy is 4,4 0 -dimethyl-2,2 0 -bipyridine, tth is the tetrathionate anion and DMF is dimethylformamide.
The molecules of both isomorphs consist of a d-block metal (Tr) cation [Tr = Cd II for (I) and Tr = Zn II for (II)], to which one tth and two dmbpy chelating ligands bind. The structures are completed by two symmetry-related DMF solvent molecules. Each complex molecule is bisected by a twofold axis running through the metal centre and halving the chelating tth anion through the central S-S bond. The ancillary symmetryrelated dmbpy ligands also act as chelates. The metal cations present a 2+2+2 N 4 O 2 environment. As expected, this results in a distorted six-coordinate geometry, with similar Tr-O/N distances (Tables 1 and 2), but with the central angles  differing substantially from 90 and 180 [90AE18.78 (6) and 180AE22.44 (7) for (I), and 90AE12.80 (10) and 180AE13.27 (9) for (II)]. The dmbpy units are planar, with maximum deviations of À0.033 (2) and 0.032 (2) Å for (I), and À0.030 (2) and 0.018 (2) Å for (II), corresponding in both cases to the terminal methyl groups.
The tth ligands chelate the metals in a similar manner to that found in the Mn-bipyridine analogue (Freire et al., 2001 Tables 3 and 4 present relevant C-HÁ Á ÁO hydrogen bonds, while Table 5 gives information on the -interactions. The first three entries in Tables 3 and 4 correspond to the more active (C-H) aromatic group, and in fact these have a definite structural role. Fig. 2 shows the way in which the interactions presented as the first two entries serve to link adjacent molecules in a self-complementary fashion along the [001] direction, in the form of well defined chains, complemented by the -interactions between offset stacked dmbpy groups. The third entry in Tables 3 and 4 binds the DMF solvent molecules to the main molecule. The remaining three entries involve the less active (C-H) methyl groups, and these interactions ultimately have the role of interlinking chains together in a rather weak fashion. 1 In our experience with Cd complexes, we have detected that the bondvalence parameters presented by Brown (2006) for Cd-O and Cd-N (R Cd-O = 1.904 and R Cd-N = 1.960) usually lead to overestimated BVS values for the cation. This is not unexpected, since it is known that these parameters are not absolutely 'universal' but depend on, among other features, the coordination environment (Brown, 2008) . We attempted to find better values for both bond-valence parameters and so, while keeping 'b' fixed at its standard value of 0.37, we performed a least-squares fit on ca 2000 CdO n N 6Àn coordination polyhedra in the CSD (Allen, 2002) This differentiated interaction scheme serves to provide, if not an explanation, at least a plausible argument for the behaviour of the cell metrics, viz. the increase in the c cell dimension when going from Zn to Cd (an expected fact), but a small decrease in the remaining two cell dimensions, more pronounced in the a dimension. Fig. 2 helps in understanding the increase along the [001] chains; this is the overall direction of the Cd-N bonds ($10% longer than the corresponding Zn-N bonds), as well as of the bridging (C-H) aromatic Á Á ÁO hydrogen bonds and -interactions, thus rendering the c cell dimension longer (and more rigid).
Along the remaining two directions, chains are instead held together by much more labile forces [mainly (C-H) methyl Á Á ÁO contacts; Fig. 3 ]. These are, accordingly, 'soft' directions which would not provide strong resistance to any eventual compression required by the close packing of the chains.
Experimental
In several previous attempts to obtain hybrid organic tetrathionate transition metal complexes using aqueous solutions, the anion decomposed systematically, yielding thiosulfate. In view of these failures, we thought of using a solvent in which the organic ligand is soluble but the other two components are only slightly soluble. In doing so, it was expected that the components would mix slowly to form the complex, while simultaneously displacing the solubility equilibrium. After some tests, we selected dimethylformamide (DMF) as an appropriate solvent. To a solution of 4,4 0 -dimethyl-2,2 0 -bipyridine in DMF (5 ml, 0.050 M), solid Cd or Zn diacetate dihydrate and potassium tetrathionate were added in a mass-volume ratio chosen to give a 0.050 M solution of each component. On standing, in both cases, a poorly crystallized precipitate appeared, which was digested over a period of time (one week in the Cd case and one month for Zn) to give crystals of the expected complexes in the form of well faceted colourless blocks suitable for X-ray diffraction analysis.
Compound (I)
Crystal data 
À3
All H atoms were visible in difference maps, but were subsequently placed in geometrically idealized positions and allowed to ride on their parent atoms, with C-H = 0.93 Å and U iso (H) = 1.2U eq (C) for aromatic, and C-H = 0.96 Å and U iso (H) = 1.5U eq (C) for methyl H atoms. Methyl groups were permitted to rotate about the adjacent C-C or C-N bond. In (I), conventional weighting led to a rather low goodness-of-fit, for which a special scheme with enhanced weighting for high-angle reflections (provided in SHELXL97; Sheldrick, 2008) was applied. The authors acknowledge ANPCyT (project No. PME 2006-01113) for the purchase of the Oxford Gemini CCD diffractometer and the Spanish Research Council (CSIC) for the provision of a free-of-charge licence to the Cambridge Structural Database (Allen, 2002) .
Supplementary data for this paper are available from the IUCr electronic archives (Reference: FN3139). Services for accessing these data are described at the back of the journal. Geometry of hydrogen bonds and other noncovalent interactions (Å , ) for (I). Table 4 Geometry of hydrogen bonds and other noncovalent interactions (Å , ) for (II). Table 5 -contacts (Å , ) for (I) and (II).
Cg1 is the centroid of the N1/C1-C5 ring and Cg2 that of the N2/C6-C10 ring. IPD is the interplanar distance, CCD is the centre-to-centre distance and SA is the slippage angle. For details, see Janiak (2000) . Special details Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. 
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å
104.38 (7) C10-C9-C8 120.0 (2) N1-Cd1-N2
71.22 (6) C10-C9-H9 120.0 O1-Cd1-N2 Symmetry codes: (ii) x, −y, z−1/2; (iii) −x+3/2, y−1/2, −z+1/2; (iv) −x+1, y−1, −z+1/2; (v) −x+1/2, y+1/2, −z+1/2. Symmetry code: (v) -x + 1, -y, -z. Notes: Cg1 is the centroid of the N1/C1-C5 ring and Cg2 that of the N2/C6-C10 ring. IPD is the interplanar distance, CCD is the centre-to-centre distance and SA is the slippage angle. For details, see Janiak (2000) .
π-π contacts (Å, °) for (I) and (II)

